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Myocarditis is an inflammation of the myocardium caused by nonspecific response to various triggers such as viral or bacterial infections, cardiotoxic agents, infarction, or mechanical injury. Most of these etiologic factors may already be evident from the patient's history. 1 However, diagnosing this disease appears to be difficult due to heterogeneity of presentations ranging from asymptomatic to severely symptomatic. These symptoms include clinical heart failure and ventricular dilatation, fulminant heart failure and severe left ventricular dysfunction, with or without cardiac dilatation, and a recent flulike syndrome accompanied by fever, arthralgias, and malaise. 2 There are various ways to confirm those diagnoses such as clinical examination, pathological examination, or by using diagnostic criteria which are presented in the forthcoming parts. Furthermore, this paper elaborates and focuses on cardiac magnetic resonance (CMR) examination and its importance in the diagnosis of myocarditis. 
Case illustration
A 10 year-old boy, came to the National Cardiac Centre Harapan Kita (NCCHK) Hospital and had already had complaints of repeated chest pain since one day before admission. The pain was severe and located in the middle of chest which caused difficulty in breathing. He initially went to another hospital, pursued electrocardiogram (ECG) test and eventually was diagnosed with heart attack. Later on, he was given 2 tablets salicylic acid and 2 tablets of clopidogrel, and referred to the NCCHK Hospital. The patient also complained of fever, without any cough, cold, or diarrhea. Additionally, he had maternal history of normal childbirth and growth as well. At the emergency room of NCCHK, the physical examination was within normal limits, no abnormality was found.
ECG showed following characteristics: sinus rhythm (SR), QRS rate 101x/m, 30°QRS axis, normal P wave, PR interval of 0.08", QRS duration of 0.04'', ST segment elevation V3-V9, II, III, aVF, R/S in Figure 1 . ECG at emergency room NCCHK hospital V1 < 1, R/S in V6 > 1. Some additional laboratory results were normal, while AST (79 U/L), ALT (26 U/L), CKMB (134 u/L), and hsTrop T (1029 ng/L) were increasing. Furthermore, chest X-rays showed normal heart and lungs. Echocardiographic examination showed normal cardiac morphology, with normal left ventricle global contractility (EF 65%), and normal RV contractility (TAPSE 2.3 cm) as well. There was no atrial septal defect (ASD), no ventricular septal defect (VSD) and no persistent ductus arteriosus (PDA). MSCT examination showed normal coronary artery, no stenosis and no coronary anomaly. 
DISCUSSION

Myocarditis
Myocarditis is clinically and pathologically defined as myocardial inflammation, which is an important cause of myocardial diseases such as dilated cardiomyopathy and arrhythmogenic right ventricular cardiomyopathy. Until recently, the classification, diagnosis and therapy of myocarditis were still debatable. 3 Incidence of myocarditis in young adults with sudden death reached 12%. Non-fatal incidence is likely higher than actually diagnosed due to difficulty of establishing the diagnosis in standard clinical settings. 4 There are 3 phases in the development of enteroviral myocarditis in experimental animals . 5 Virus entry into myocytes mediated by a specific receptor coxsackie virus group B and a common transmembrane receptor (coxsackie virus and adenovirus receptor [CAR]) on some adenovirus genome for viral internalization into myocytes. 6 Coxsackie virus using deflecting decayaccelerating factor (DAF) and adenoviruses special integrins (αvβ3 and αvβ5) as co-receptors. If CAR is absent in the cardiac myocytes, virus infection and inflammation will not occur.
7 Acute injury to heart muscle cells occurs after viral entry, which is subsequently induced by virus replication. 8 Acute phase of myocarditis occurred for just a few days, followed by a subacute phase characterized by an immune reaction. This phase can occur several weeks to several months, characterized by activation of virus-specific T lymphocytes, which can attack the organs of the patient because of the similarity of molecules. Activation of cytokines (tumor necrosis factor -alpha [TNF-α]), interleukin [IL] -1 and -6), viral protein of the heart can aggravate heart damage and result in impaired contractility function. 
Several diagnostic modalities: challenges in the diagnosis of myocarditis
One major challenge in diagnosing myocarditis is requirement for various data derived from anamnesis, physical examination, and non-invasive examination which potentially have different there are none perfect examinations with high both sensitivity and specificity that really good enough to diagnose myocarditis, but one each other is needed in establishing a correct diagnosis.
History and physical examination
Patient presentation may be virtually normal, with non-specific symptoms, or with clinical acute signs of myocardial infarction or heart failure. Physical examination is often without any abnormalities.
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Certain literature stated that major cardiac symptoms in the acute phase were chest pain (71%), and 61% of myocarditis patients reported a history of cardiac infection before symptoms appear, such as respiratory tract infections, gastroenteritis, skin infections. 11 In the case reported here, the patient complained about repeated chest pain and no abnormality was found in physical examination.
Electrocardiogram
ECG findings of myocarditis may include ST segment changes, T-wave, Q-waves, atrioventricular block and bundle branch block. Additionally, arrhythmias such as ventricular tachycardia and ventricular fibrillation may also occur. ECG in myocarditis has a low diagnostic value. ST segment elevation or T inversion is the most sensitive criterion in 50% of patients. Morgera, et al examined the clinical and prognostic value of the ECG performed consecutively in 45 histologically proven myocarditis cases (29 men and 16 women). In patients with onset of less than one month, ECG at the time of admission was AV block and repolarization abnormalities, whereas the pattern obtained from fulminant myocarditis was pseudoinfarction (Q-wave coupled with ST-segment elevation). Left atrial enlargement, atrial fibrillation, right ventricular enlargement and blocks were found in patients with chronic symptoms. 12 In this case, the ECG abnormalities at the time of admission were ST-segment elevation in leads V3-V9, II, III, aVF. In children, ST-segment elevation more than 0.2 mV in more than one lead found in some cases of myocarditis and pericarditis. 13, 14 According to Gazit, et al 15 STsegment changes, diagnostic of transmural myocardial infarction in adults may be seen in pediatric patients without coronary artery occlusion.
Biomarkers
Serum biomarkers of myocardial injury such as CK, CKMB, and troponin can increase depending on the severity and time of testing during the course of disease. 16 In this case, the cardiac enzymes were increased (CKMB 134u/L, hs Troponin T 1029ng) due to injury.
Echocardiography
Cardiac wall motion abnormalities will often be found in chronic cases, both regionally and globally. Ventricular dysfunction is not specific to inflammation and its sensitivity is low as well. Biventricular dysfunction in myocarditis has been reported to be a major predictor of death and transplantation. 17 In this case there is no ventricular dysfunction.
Biopsy
The Dallas criteria 1987 for myocarditis is the finding of infiltrating lymphocytes induced by myocyte injury in the absence of ischemia. Endomyocardial biopsy (EMB) is the gold standard examination to diagnose myocarditis, which viral genomes identified.
18 This criterion is very specific but only has a sensitivity of 10-22%, the lack of precision being caused by sampling errors. 19 Severe complications due to EMB (perforation, tamponade) occurred in 0.1 -0.5% and the overall complication occurred for about 6%.
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The biopsy was not performed to this patient due to those considerations.
CMR on myocarditis
The advance in medicine has helped us to understand the progression from acute to chronic myocarditis and even to dilated cardiomyopathy accompanied by life threatening symptoms. 9 The Therefore diagnosis of myocarditis is very important. This can be done by non-invasive diagnostic tool with high accuracy with cine CMR, early and late contrast enhancement CMR, and T2WSTIR. 9 Gagrialdi, et al 20 showed the use of CMR as a non-invasive diagnostic tool in acute myocarditis of 11 children. Compared to biopsy, T2-weighted spin echo CMR had 100% specificity and 100% sensitivity. 20 This small study was followed by a second report by the same researchers in 75 pediatric patients with acute symptomatic heart failure. From biopsy, they identified 51 patients with acute myocarditis and 24 patients with idiopathic dilated cardiomyopathy. By using biopsy as the diagnostic standard, T2 weighted CMR showed 100% sensitivity and 90% specificity. Then all of these patients were followed for 2 years and CMR was performed every 6 months. The sensitivity and specificity remained high during the evolution when the disease continues. 21 Combination of several techniques will be beneficial, especially in cases that are not clear. Indeed, CMR is currently the most accurate diagnostic method both, in guiding biopsy or in seeing the development of disease.
1 Indication CMR examination is indicated in patients with signs and symptoms that lead to myocarditis, significant evidence of myocardial injury and suspicion of viral etiology. Potential CMR examination performed in patients with chest pain, increased troponin and normal coronary arteries. Another indication is in patients with myocarditis due to the ECG findings that lead to signs of myocarditis. 22 In this case CMR examination was indicated in the presence of chest pain, ECG abnormalities, increased of troponin, and age of 10 years as well.
Procedure
CMR techniques used to assess myocarditis are SSFP (steady-state free precession) to assess left ventricular function and volume, T2 weighted (T2W) to assess myocardial edema as well. The use of T2W imaging (a sensitive pulse sequence) is to see an increase in myocardial water both regionally and globally, which is the substantial finding as an inflammatory response in myocarditis. Additionally, early global relative enhancement (GRE) or dynamic first-pass perfusion myocardial imaging during entry of 0.05-0.1 mmol/kg of gadolinium chelate injection shows the increased of capillary leakage, and late T1 weighted after gadolinium injection (late gadolinium enhancement) reflects irreversible injury.
11,23
CMR findings
CMR findings in myocarditis may vary depending on time elapsed from onset of symptoms to time when CMR is done. Focal form of acute myocarditis was found in the first 5 days and will develop into more spacious. CMR can detect ongoing inflammation, the extent, severity, and can distinguish an acute or chronic myocarditis. In the first days of the disease, myocardial edema will be found in about 30% of cases and is seen as hypersignal on T2 weighted. Edema predominantly in the inferolateral wall with or without thickening of the walls of the heart, as it is also found in autopsy. 13 Pericardial effusion presents in approximately 20% of cases and is usually moderate. Cine CMR may demonstrate wall motion abnormalities of the heart that frequently diffuse global hypokinetic. In severe cases (fulminant) a decreased ejection fraction can be found without LV dilatation. Friederich, et al 24 stated acute myocarditis characterized by focal contrast enhancement on day 2, will spread on the 7 th day become diffuse and then settle down to 2-4 weeks. On the 84 th day, the contrast signal will subside as the group control. Roditi, et al 25 examined 12 patients with suspected acute myocarditis. They found focal enhancement of myocardial in 10 out of 12 patients, with regional wall motion abnormalities in hipokinetic, akinetic, or dyskinetic forms. Accumulation of gadolinium in these affected areas is due to membrane rupture, causing an increase in extracellular gap, inflammatory edema, permeability of blood vessels that lead to an increase in volume distribution, and lower distribution of gadolinium clearance as well. 9, 13 Myocarditis usually has a nodular or diffuse patchy distribution that does not follow the segmental vascular distribution. Patchy contrast enhancement on epicardial and lateral walls was found in 88% cases of myocarditis. Enhancement patterns in myocarditis generally do not involve subendocardium except in eosinophilic myocarditis. Furthermore, the type of virus and the pattern of myocardial damage suggests a relationship. Contrast enhancement in the lateral wall was found in the majority of myocarditis caused by parvovirus B19 (PVB19), whereas in the midwall septal interventricular midwall it was usually caused by human herpes virus 6 (HHV6). 26 Thus the contrast enhancement is not only able to distinguish myocarditis from infarction, but also can distinguish variations in viral cause. In this patient, whose ejection fraction were normal both on the right and left ventricles, myocardial edemas were found in the septal and inferolateral wall on T2 Weighted, and tissue fibrosis was found in the anterior and inferolateral wall of the mid and basal septum at LGE as well. The exposed walls were epicardial area and patchy form.
CMR criteria for myocarditis ("The Lake Louise criteria")
There are criteria for the diagnosis of myocarditis by The Lake Louise consensus criteria. 10 In this case, the diagnosis of myocarditis is established based on the findings of myocardial edema and tissue fibrosis on CMR examination, in addition to the results of normal coronary arteries on MSCT.
Myocarditis versus myocardial infarction
Acute myocarditis is often diagnosed as myocardial infarction, especially in patients who present with chest pain and ST segment elevation on the ECG. If patients have low risk profile or have a history of influenza, fever and cough, coronary angiography is an option to prevent the thrombolytics in cases of myocarditis. CMR was an important tools to confirm the diagnosis of myocarditis in the case of no stenosis on coronary angiography/CT angio examination.
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There are several studies that distinguish ischemic cardiomyopathy from non-ischemic. McCrohon, et al revealed LGE in 90 patients with heart failure and LV systolic dysfunction. All patients with ischemic cardiomyopathy have subendocardial or transmural enhancement. In contrast, the nonischemic cardiomyopathy group had 3 different patterns which is no enhancement (59%), patchy or longitudinal striae enhancement at midwall consistent with fibrosis (28%), and the remained can not be distinguished. 27 While Hunold, et al stated non-ischemic patients showed no involvement of subendocardial layer, GLE found only localized or epicardial or midmyocardial wall. 28 Myocardial infarction in these patients excluded by the findings of CMR picture, and the normal characteristic on coronary MSCT.
Follow-up
Several case reports have demonstrated the benefits of CMR in the evaluation of therapy in patients with myocarditis. LGE will decrease significantly in the acute phase toward healing phase. If T2W and GRE are done together, the results will 100% negative predictive value to differentiate acute myocarditis with convalescent myocarditis. Uchida et al reported that the changes of T2W is rare in the chronic conditions. 29 Improvement on T2W and GRE are associated with clinical improvement and parameters of left ventricular function as shown in figure 4 . Thus, has been also reported by Gutberlet et al that CMR can be used to evaluate disease progression or regression in response to therapy. 30 Supportive therapy is the first treatment of choice in patients with myocarditis. Heart failure caused by myocarditis must be given standard therapies such as diuretics to lower ventricular filling pressure, ACE-i to lower vascular resistance, and betablockers after clinically stable. Arrhythmias should be monitored and treated. Patients who received imunogluobulin improved ejection fraction in 17 units. Another therapy is prednisone. 31 Steroid therapy decreased tissue inflammation.
32 CMR can also non-invasively monitor tissue damage that can lead to make a decision, such as reinstitution 
Acute phase
Follow-up of normal physical activity if the parameters of acute injury have not been found anymore. Recent guidelines recommend restriction of activities in patients with acute myocarditis. 11 Some researches were conducted to follow myocarditis patients up to 3 months. The prognosis will be good if contractile function improve in sequence with significantly decreased of delayed enhanced of myocardial tissue damage. 11, 23 This patient came with complaints of chest pain, no symptoms of heart failure, a good pump function, and without arrhythmia as well. Furthermore, the patient was given antiinflammatory drug (steroids). Throughout treatment the patient's condition was good, without chest pain, then patient discharged. CMR to conduct a re-evaluation was planned after 1 month therapy. CMR results after 1 month of therapy showed no myocardial edema, with less fibrotic tissue. These results will lead to good prognosis as shown in Figure 4 .
In conclusion, CMR is a non-invasive diagnostic tool, which is essential for diagnosing myocarditis in pediatric patients who came with clinical presentation of chest pain. CMR revealed tissue edema on T2W and fibrosis on LGE, which confirmed the diagnosis of myocarditis.
